Oxyresveratrol (trans-2,4,3',5'-tetrahydroxystilbene, OXY) and resveratrol (trans-3,5,4'-trihydroxystilbene, RES) are the two most important constituents of the traditional Chinese medicine Smilax china. A reversed-phase high-performance liquid chromatographic method was developed to determine OXY and RES in rat bile and urine after oral administration of Smilax china extract. The biological samples were analyzed by HPLC on Aglient Zorbax SB-C 18 column (250 × 4.6 mm, 5 μm) at a wavelength 320 nm and at a flow rate of 1.0 mL/min. The method was accurate and reproducible for determination. The cumulative excretion of OXY and RES was 0.29% and 0.97% in bile samples, 0.84% and 0.65% in urine samples, respectively.
Previous studies reported that stilbenes and steroidal saponins are the major bioactive ingredients of S. china [6, 7] . It was shown in our previous study that the contents of oxyresveratrol (OXY) and resveratrol (RES) in the rhizome varied from 0.2 to 2.5 mg/g and from 0.13 to 1.5 mg/g, respectively [8] . It is well known that hydroxystilbenes have protective effects against reactive oxygen and nitrogen species. In recent years there has been a growing interest in OXY and RES. Pharmacological studies showed that OXY has anti-inflammatory, antioxidant, anti-herpetic, anti-HIV, anti-apoptotic and neuroprotective functions [9] [10] [11] [12] . Furthermore, OXY may be an excellent complementary drug for the treatment of neurodegenerative disorders due to its protective effect in the brain by crossing the bloodbrain barrier [13] . RES, a well known constituent, has been reported to possess a variety of antiinflammatory, anti-carcinogenic, anti-oxidant and anti-platelet activities [14] [15] [16] [17] . Therefore, OXY and RES could be chosen as biologically active marker compounds for the quality control of S. china.
In recent years, pharmacokinetic and metabolic studies of TCMs have attracted extensive attention and promoted, to some extent, the introduction of modern procedures for the evaluation of these medicines. Research on absorption, distribution, metabolism and excretion of TCMS could help to illustrate their mechanisms of action and predict toxicities. Our laboratory has studied the pharmacokinetics and metabolism of several Chinese herbal medicines, including Dalbergia odorifera, Ganoderma lucidum and Salvia miltiorrhiza. [18] [19] [20] .
Up to now, no cumulative in vivo excretion data for RES and OXY are available after oral administration of S. china extract. Therefore, we have investigated the cumulative biliary and urinary excretion of these two bioactive constituents for which we developed a HPLC method to determine directly both compounds in rat urine and bile samples.
Specificity:
The specificity of the assay was studied by comparing the chromatograms of blank biological samples with those of blank samples spiked with standard solution and that of the samples collected after oral administration. No significant interfering peaks were found with retention times of either the analytes or internal standard.
Linearity of calibration curve and lower limit of quantification:
A series of standard curves were constructed by plotting the peak area ratios of each analyte to the internal standard against the concentration. The standard curves, correlation coefficients and linear ranges of OXY and RES in bile and urine are listed in Table 1 . The lowest limit of quantification (LLOQ) of the two analytes was chosen at the lowest concentration of the calibration curve for which both precision and accuracy were less than 10% and RSD less than 8%.
Precision and accuracy:
The accuracy, intra-and inter-day precisions were evaluated from the QC samples with high, medium, low and LLOQ concentration levels. The accuracy of the methods was determined as the percentage of deviation between nominal and measured concentration (% bias). The precision describes the closeness of individual measures of an analyte when the procedure is applied repeatedly to multiple aliquots of a single homogeneous volume of biological matrix. Six replicates of QC samples at each concentration were determined to evaluate within-day variation. The inter-day variation was assayed on four consecutive days for the control samples. Table 2 shows that the methods were accurate and reproducible for the determination of OXY and RES in bile and urine, respectively.
Recovery and stability:
The extraction recoveries of OXY and RES were tested at three QC levels (high, medium and low) by comparing the peak areas from the extracted quality control samples with those of standard solutions at the same concentration. As shown in Table 3 , the mean recoveries of OXY and RES were 65.5-82.6 % and 73.7-86.4%, while RSD values were less than 6.2%. The recovery of the internal standard in biological samples varied from 91.5% to 93.8% and RSD values less than 2.2%. The results showed that the extraction methods were suitable for use with each biological sample. The short-term stability of analytes at room temperature was investigated by analyzing four replicate QC samples after being thawed and kept at room temperature for 24 h. Table 4 shows that OXY and RES were stable when stored for 24 h in biological matrices at room temperature. The analytes were found to be stable after three freeze-thaw cycles. Each cycle consisted of freezing at −70°C for 24 h and then thawing completely at room temperature. The long-term stability tests showed that no signs of degradation were found in any biological samples under the freezing conditions (−70 °C) for 10 days.
Excretion of OXY and RES in rat:
The HPLC method was successfully applied to the determination of OXY and RES in rat bile and urine samples after oral administration of S. china extract. Figure 1 shows the time variations of biliary and urinary excretions of OXY and RES. The cumulative excretion of OXY and RES was 0.29% and 0.97% in bile samples, and 0.84% and 0.65% in urine samples, respectively. The maximum biliary and urinary excretions at different intervals of OXY and RES were observed at 0-4 and 12-20h after oral administration, respectively. This is the first report of a validated, rapid and specific procedure for the determination of OXY and RES in rat bile and urine after oral administration of S. china extract. The liquid-liquid extraction method with ethyl acetate of bile and tissues proved to remove successfully endogenous impurities and to obtain qualified extraction efficiency. As there was no interference in the analyses of urine samples, the procedure of drying directly under a stream of nitrogen could remove the extractive procedure and save time. After a single oral administration of 1g/kg S. china extract (equal to 180 mg/kg OXY and 80 mg/kg RES) to rats, OXY and RES were rapidly absorbed and excreted in bile and urine. The sum of the cumulative bile and urine excretion of OXY and RES were 1.1 % and 1.6 %, respectively. In summary, the method described provides a rapid and specific HPLC assay to study biliary and urinary excretion and tissue distribution of OXY and RES in rats after oral administration of S. china extract.
Experimental

Materials:
The reference standard of oxyresveratrol was isolated from the roots of Smilax china L. (Liliaceae) by the author. The compound's structure was identified by comparison of its spectral data with those reported in the literature [21] , and its purity was found to be over 98% by HPLC analysis. Resveratrol and carbamazepine (internal standard, IS) were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Acetonitrile and acetic acid were of HPLC grade (Honeywell International Inc., USA and TEDIA Co. Inc., USA). Pure water was prepared using a Milli-Q Water purification system (Millipore, MA, USA). The extract for oral administration was obtained from the roots of Smilax china L. (Liliaceae) extracted with 70% EtOH and separated over a polyamide (30~60 mesh) cartridge. The contents of OXY and RES in the extract, quantitatively analyzed by HPLC/DAD, were 180 mg/g and 80 mg/g, respectively.
HPLC conditions: An Agilent 1100 liquid chromatography system was used with a diode array detector, a quaternary solvent delivery system, autosampler and degasser. All chromatographic data acquisition were performed by ChemStation Rev. A.10.02 [1757] software, from Agilent Technologies. Separation was carried out on a Zorbax SB-C 18 column (250 × 4.6 mm, 5 μm) connected with a Zorbax SB-C 18 guard column (20 × 4 mm, 5 μm) at 40°C. Detection was set at a wavelength of 320 nm. The mobile phase consisted of (A) water and (B) acetonitrile (v/v). Due to the various interfering substances in the biological matrix, separation used different gradient elution procedures of B: 14-32% for 0-40 min for bile samples, and 18-35% for 0-33 min for urine samples. The flow rate was 1.0 mL/min.
Animals, drug administration and sampling: Female
Sprague-Dawley rats (200-250 g), obtained from the Shanghai SLAC Laboratory Animal Co. Ltd, China, were kept in an environmentally controlled breeding room with standard laboratory food and water for one week prior to the experiments. All animals were fasted for 16 h with water ad libitum prior to the administration of S. china extract. For the biliary excretion study, 5 rats were fixed on a wooden plate and anesthetized with ethyluretham (20%, 5 mL/kg). An abdominal incision was made with scissors. The rat was placed in the supine position and, with extreme caution, a small incision (V-shaped cut) was made on the surface of the biliary duct. A catheter was advanced into the biliary duct towards the liver. It was then tied to the biliary duct with a suture to hold it in place. Each rat was administered oral doses of 1g/kg of S. china extract by oral gavage when the rat had recovered consciousness. Bile samples were collected at 0, 4, 8, 12, 16, 20, 24, 28 and 32 h. The overall biliary volume of each interval was measured and noted. In this experiment, the overall biliary volume of each interval was 0.5~2.2 mL.
For the urinary excretion study, 5 rats were administered an oral dose of 1g/kg of S. china extract (suspended in 2% aqueous tragacanth solution) and held, in metabolic cages for the collection of urine samples. These were collected periodically, including 0-4, 4-8, 8-12, 12-20, 20-28, 28-36, 36-48, 48-60 and 60-72 h, and the overall biliary volume of each interval was measured and noted. The bile and urine samples were stored at −70°C until analyzed.
Preparation of standard solutions:
For urinary and biliary excretion studies, the stock mixture solution containing 540 μg/mL of OXY and 400 μg/mL of RES was prepared in methanol. A series of standard solutions with concentrations in the ranges of 1.35-540 μg/mL for OXY and 1.0-400 μg/mL for RES were obtained by further dilution of the stock solution with methanol. The internal standard solution was prepared by dissolving carbamazepine in methanol at a concentration of 100 μg/mL. All the standard solutions were stored at 4°C away from light.
Preparation of calibration standards and quality control (QC) samples:
To prepare the biliary standard calibration samples, 100 μL of standard solutions and 100 μL of internal standard solution were added to 200 μL blank bile. The final standard bile concentration were 0.675-270 μg/mL for OXY and 0.5-200 μg/mL for RES. The samples for urinary standard calibration were prepared by spiking the blank urine (1 mL) with working solutions (100 μL) and 100 μL of internal standard solution to achieve the final concentrations: OXY at 0.135-54 μg/mL, RES at 0.1-40 μg/mL. The quality control (QC) samples were prepared in the same way as the standard calibration samples.
Sample preparation:
To 200 μL bile sample, 100 μL of internal standard solution and 100 μL of hydrochloric acid (0.2 mol/L) were added. The mixture was vortexed for 3 min with 6 mL ethyl acetate and centrifuged at 4000 rpm for 10 min, after which the supernatant was transferred to a clean centrifuge tube. The supernatant was dried under a stream of nitrogen, and the residue reconstituted in 200 μL MeOH and filtered through a 0.22 μm membrane filter unit. To 1 mL urine sample, 100 μL of internal standard solution was added. The mixture was dried at 40°C under a stream of nitrogen, and the residue reconstituted in 200 μL MeOH and filtered through a 0.22 μm membrane filter unit. Then 10 μL aliquot of each sample solution was injected into the HPLC column for analysis.
